RENIN IS generally defined as an enzyme of renal origin, having a molecular weight of approximately 40,000 daltons which, when added to plasma, produces angiotensin I. This characterization has generally been based, however, on studies of acid-treated kidney hbmogenate. 1 " 3 Early routine methods for the isolation and characterization of renin involved salt precipitation at various pH values and acid treatment of the preparation to inactivate several angiotensin-degrading enzymes extracted along with renin. Although these contaminating enzymes are of little consequence for direct measurement of renin (pressor assay), they hinder determination of the enzyme by the indirect in vitro assay (generation and subsequent quantitation of angiotensin I).
With the development and improvement of techniques for protein separation, it became possible to study renin in preparations that had not been exposed to extremes of pH. 4 " 7 It is now evident that, in addition to the abovementioned renin, other renin-like enzymes, including those which may be defined as proenzymes, are also present in kidney. 8 " 14 These renin enzymes have a molecular weight of approximately 60,000 daltons, are activated by exposure to acid, and in some species can be converted to the lower 40,000 mol wt form. 8 " 10 The present study describes a new form of renin which has been isolated from normal human kidney. When added to plasma, this enzyme preparation is capable of producing angiotensin 1. Because of its high molecular weight (> 150,000), we have called this enzyme "big big renin" (BBR). We have investigated whether this new enzyme has characteristics in common with those described for the 40,000 and 60,000 mol wt species.
Methods

KIDNEY TISSUE HOMOGENIZATION
Pooled human cadaver kidney tissue (100-150 g) was repeatedly frozen and thawed (n = 6). The tissue was SUPP. II, CIRC. RES., VOL. 41, No. 4, OCTOBER 1977 minced, washed with distilled water, and homogenized with 150 ml of 0.15 N NaCl using a Brinkman Polytron (ST-20). The homogenate was centrifuged at 6,000 g for 20 minutes and the precipitate was discarded. Renin was also prepared by the method of Haas et al. 1 ("Haas" renin).
CHARACTERIZATION OF RENIN
Detection of Renin Activity
Three types of renin substrate were used. (1) Pooled normal human plasma was used when whole homogenate or pooled fractions were studied. The mean substrate concentration of this pool was 2,350 ± 105 ng equivalents of angiotensin I per ml plasma. (2) Lyophilized normal human plasma (Hyland Laboratories), which was found to have very low endogenous renin activity, was used when fractionated kidney homogenates were studied. The mean substrate concentration of this pool was 1,450 ± 80 ng equivalents of angiotensin I per ml. (3) The synthetic tetradecapeptide (TDP, 1 x 10" 6 M) was used to detect pseudorenin activity (0.05 M phosphate, pH 5.5), for measurement of kinetic parameters and pH profile determinations. Unless stated, all incubations were carried out at pH 7.4 by addition of '/io volume 1 M phosphate buffer (pH 7.4) to plasma or dilution of lyophilized plasma or TDP in 0.1 M phosphate buffer.
Renin samples were incubated with the substrate for various time periods (20 minutes to 18 hours) at 37°. The angiotensinase inhibitors employed were EDTA (1 5 HIM), diisopropylphosphofluoridate (DFP) (1.0 mM), 2,3-dimercapto-1-propanol (BAL) (8.0 min), and 8-hydroxyquinoline hemisulfate (3.4 IDM). Following incubation, the samples were added to an equal volume of distilled water and heated in a water bath for a period of 10-15 minutes to terminate the renin reaction. Generated angiotensin was quantitated by radioimmunoassay of angiotensin 1 (Al) 15 and in some studies by bioassay. 16 The bioassay was used to verify that the immunoassayable products generated were pressor. All radioimmunoassays were performed as previously described. 17 The quantity of A I generated in a duplicate sample, in the absence of added renin (blank), was substracted. The cross-reactivity of TDP with the angiotensin I antiserum was less than 1 % when TDP was used as substrate, the apparent quantity of angiotensin I, measured from nonincubated samples (zero time) was substrated from all timed measurements.
GEL FILTRATION CHROMATOGRAPHV AND ISOELECTRIC FOCUSING
Sephadex G-150 was equilibrated in 0.05 M Tris-HCI buffer (pH 7.4). The columns (5 x 80 cm) were standardized by using blue dextran 2000, aldolase, ovalbumin, chymotrypsinogen A, and ribonuclease A (Pharmacia). Molecular weight estimations of unknown proteins were determined by the method of Ackers. 18 Individual column flow rates were 10-15 ml/hr and 5-mi fractions were collected. Isoelectric focusing columns were run by the method outlined by Vesterberg and Svenson 19 using ampholines in the pH 3-10 range.
KINETIC PARAMETERS
Pooled normal human plasma and TDP were used for kinetic analysis of the renin preparations. Plasma or TDP were diluted by addition of 0.1 M phosphate buffer (pH 7.4). Substrate concentrations were determined by incubation with excess "Haas" renin. 15 For initial rate determinations, the renin concentrations added allowed for less than 5% consumption of the total substrate at any substrate concentration. Lineweaver-Burk plots were constructed from initial rate determinations and kinetic constants derived from linear least square regression analysis of these data.
Results
SEPHADEX COLUMN CHROMATOGRAPHY
The elution pattern of the supernatant fluid of pooled cadaver kidney homogenate, from Sephadex G-150, is shown in Figure 1 . Three protein peaks were evident. Each column fraction was incubated with pooled normal human plasma or TDP for a period of 18 hours. With plasma, two peaks of enzymatic activity were detected by radioimmunoassay of generated A I and by bioassay. Direct production of angiotensin II (A II) by these fractions was excluded by A II radioimmunoassay. The first peak of renin activity consistently appeared in the void volume (blue dextran peak) of the column and therefore had a molecular weight in excess of 150,000 daltons. The second peak of activity was found on the trailing edge of the albumin peak and had an apparent molecular weight of 33,000-50,000 with a maximum at 40,000. When TDP was used as substrate to detect pseudorenin (pH 5.5), three peaks of activity were found (Fig. 2) . Activity with the synthetic substrate was found in the void volume, a second peak in the molecular weight range of 75,000-85,000, and a third peak of approximately 35,000-40,000 daltons.
The void volume fraction from the column was pooled and reduced to its original volume by Amicon Diaflow membrane concentration (PM-30 membrane). This pooled void volume sample was run for a second time on the Sephadex column and all renin activity remained in the void volume. Figure 3 compares the enzymatic activity of the high molecular weight renin preparation with acid-treated "Haas" renin at various pH values. For this pH profile, TDP was used as substrate since human angiotensinogen is not stable at the low end of the pH curve. 2021 ' 22 With TDP as substrate, the pH optimum of the void volume fraction was 4-4.3, and that of "Haas" renin, pH 5.5. As shown in Figure 3 Figure 4 shows the protein elution pattern of BBR and the location of renin activity following its electrophoresis on an isoelectric focusing column. The isoelectric point of BBR was found to be 4.3, compared with pH 5.2 for "Haas" renin.
EFFECT OF ACID TREATMENT ON VOID VOLUME RENIN
ISOELECTRIC FOCUSING
KINETIC STUDIES
The Michaelis-Menten kinetic parameters (K m and V m ) of the reaction of BBR and "Haas" renin have been compared, using both normal human plasma and the synethic TDP as substrates. As shown in Table I , when BBR and "Haas" renin were compared, with either plasma or TDP as the substrate, no significant differences in the kinetic behavior was detected.
Discussion
We have demonstrated in the present study that nonacid-treated extracts of normal human kidney tissue contain a hitherto unrecognized species of renin, a new high molecular weight renin-like enzyme (BBR), which produces angiotensin I when added to normal human plasma (radioimmuno-and bioassay). The enzymatic activity of BBR at physiological pH cannot be attributed to the activity of other known classes of enzymes found in kidney which are capable of producing angiotensin I or II, pseudorenin, or tonin. Pseudorenin 22 produces only insignificant amounts of angiotensin I, if any, when added to plasma at physiological pH. Tonin, 23 on the other hand, produces only A II.
BBR does not appear to be a freely dissociatable form of renin, in equilibrium with any of the previously described lower molecular weight forms of the enzyme, since all enzymatic activity remained in the void volume following recycling on Sephadex G-150. This conclusion is further substantiated by the observation that renin activity remained in the void volume following mild acid treatment (pH 3.5) of the enzyme preparation. Unlike the 60,000 mol wt species of renin found in rabbit kidney, 8 ' 9 pig kidney, 10 or human Wilms' tumor tissue," 112 exposure of BBR to acid conditions as low as pH 3.25 for 24 hours did not cause a change in the enzymatic activity of the sample. BBR, in contrast to these other forms of renin, was not only inactive at pH 3.0, but was found to be destroyed by exposure to this acid pH.
At the present time, the pH optima for BBR and "Haas renin" using TDP are preliminary since it has not been established whether BBR contains more than one form of enzyme capable of producing angiotensin I from TDP. It has been shown 22 that the 40,000 mol wt species of renin contains pseudorenin, or at least can hydrolyze TDP. The presence of pseudorenin in both or either preparation may explain why there is little activity with either preparation against TDP at physiological pH, compared with their pH optima (Fig. 3 ). One question that awaits answering is whether or not "pure renin" is capable of producing angiotensin I from TDP. It should be noted, however, that at pH 7.4, when the volumes of BBR and "Haas renin" added to plasma were adjusted to give approximately equal rates of angiotensin I production (kinetic studies), the rates remained similar, although faster, when TDP was used as a substrate. This is presumptive evidence that only one enzyme was active at physiological pH. It must be assumed therefore that, since the rates remained almost equal with TDP, pseudorenin was not contributing to angiotensin I formation. Although the possibility that the two renin preparations had the exact same proportions of pseudorenin and "renin" cannot be ruled out, it seems highly unlikely.
We have found that BBR and "Haas" renin have similar kinetic parameters when either the natural substrate in plasma or the synthetic TDP substrate were used. At pH 7.4, the K m of TDP with either enzyme was significantly lower, and the V m of the reaction was elevated, compared with the natural substrate. Favre and Valloton 24 studied the kinetics of "Haas" renin, using both plasma (pH 5.5 and 7.5) and TDP (pH 4.5). They found both the K m and V m of the reaction with TDP to be higher than with plasma. Skeggs et al. 4 found no difference between the K m of TDP and semipurified hog substrate when the kinetics of hog kidney renin I were studied at pH 7.5. From their published data, however, the V m with TDP appeared to be higher than with the semipurified substrate. Whether the observed differences between our results and those of others, regarding the kinetics of renin with natural substrate and TDP, are attributable in part to species differences or the pH of incubation remains to be determined.
Several investigators have reported the existence of multiple molecular weight forms of renin in non-acidtreated kidney tissue. 8 " 14 Day and Luetscher" reported that human kidney tissue may contain two distinct molecular forms of renin. They demonstrated that renin from a patient with Wilms' tumor had a molecular weight of 60,000, compared with the 40,000 mol wt form found in normal kidney tissue. The high molecular weight enzyme could be activated by exposure to acid. Acid activatable renin has also been found in several patients with diabetes mellitus, chronic renal failure, pyelonephritis, malignant hypertension, and renal artery stenosis, 12 but its existence in "normal" human kidney tissue has not been established. When fractionated normal human kidney was incubated with plasma, we were unable to demonstrate a distinct peak of renin-like activity in the molecular weight range of 60,000. Activity was observed in this molecular weight range, however, when the synthetic TDP was used as substrate. Skeggs et al. 7 described multiple forms of human renin in normal human kidney tissue. However, all forms had a molecular weight of approximately 40,000, and no higher molecular weight was observed. The initial step in Skeggs' study was DEAE column chromatography at pH 4.7, and only the renin activity which bound to the column matrix (approximately 75% of the total activity applied) was used for further analysis. As shown in the present study, BBR has an isoelectric point of 4.3 and therefore would be minimally retarded on a DEAE column at pH 4.7.
We have presented evidence 25 indicating that two forms of renin exist in human plasma, one appearing in the void volume following Sephadex G-100 chromatography, which may be BBR, and the other having a molecular weight of 40,000-50,000. These preliminary studies were done using bioassay technique and are now being repeated utilizing radioimmunoassay for angiotensin I.
The questions of whether BBR is released from the kidney or whether, under certain circumstances, it may be converted to other forms and thus fit the definition of a "proenzyme" or storage form, or whether the relative proportions of these enzymes may change in various physiological or pathological conditions, remain to be answered.
